
SILICON BASED
SELECTIVE THERMAL
EMITTERS.
R.Alcubilla
Micro and Nanotechnologies Group 
UPC-Barcelona



David Hernandez
Trifon Trifonov
Moisés Gárin
Didac Vega
Angel Rodriguez 



MOTIVATION:  SELECTIVE 
EMITTERS FOR TPV 



Recent developments



Lin et al
Nature 394, 1998

Infrared 3D photonic crystal

Fleming et al 
Nature 417, 2002 Lin et al

APL 83, 2,  2003

Selective thermal emitters I



Stability at high temperatures

> 1000º C 



Selective thermal emitters II

Single crystal W 99,999%
Thermal cycling 1200 K ,1hour



Selective thermal emitters III

Polycrystalline Ta
Room T emissivity measurements
Claim 1 week at 910ºC 



Why not 3D PC on Silicon?

Conventional microelectronic oxidation 800ºC-1200ºC. 

Electrochemical dissolution of Si. Macroporous 
Silicon allows the fabrication of 3 D PC. 

Experience in the group. 

We can cover with metal later. (Silicon template)+ ALD



Electrochemical etching of Silicon/1
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Three electrode electrochemical cell.
Potentiostat for direct control and regulation of applied voltage
Feedback controlled back-side illumination



1- Lithography 2- Electrochemical etching 

3- Control: current, voltage, light, temperature, lifetime, 
bubbles …

Electrochemical etching of Silicon/1



In the electrochemical etching process, the pore diameter is solely determined
by the applied etching current, which itself is adjusted by controlling the
intensity of backside illumination. Periodic variations of pore diameter in depth
can be achieved by modulating the light intensity. The etching current profiles
can be properly designed to obtain structures with different shape.

T.Trifonov  et al. 
Sensors and Actuators A  (2008)

3D macroporous Silicon



After few multiple oxidation/oxide-stripping cycles, adjacent pores become
interconnected because the pore walls erode at the positions of diameter is
maximum. The opened windows between the pores have circular or oval shapes.
The formed 3D structure resembles a simple cubic lattice consisting of
overlapping air spheres in silicon.

T. Trifonov et al 
SPIE Conference, May, 2007, Spain

3D macroporous Silicon



M. Garin et al APL 2007 

3D macroporous Silicon



M.Garin et al APL 2008

3D macroporous Silicon



3D from 42 m  pitch



3D, 2 m  pitch + widening through
oxidation +etching



3D from 42 m  pitch + widening
through oxidation +etching

Room temperature measurements 



3D, 2 m  pitch + widening through
oxidation +etching

a) Two widening cycles. b) Six widening cycles.



1000K

3D from 42 m  pitch + widening
through oxidation +etching

- Efficiency not so different from BB 

- Reduce pitch from 21 m



ALD Pt on 3D PC samples.

-Generic problems when introducing metals:

Surface diffusion Changing shape.

Eutectics. 

- ALD ( Atomic Layer Deposition ) on 3D samples. 
conformal deposition.

- Cover Si with SiO2 or may be with Al203 to avoid eutectics. 



ALD Pt on 3D PC samples.



1150 K

ALD Pt on 3D PC samples.


S = 71.6% 

E
BB = 38.2%

Stability: 1050 K 12 hours
Bowing. 1150 K 12 hours



Thank you !


